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National Cargo Bureau, Inc. 
17 Battery Place, Suite 1232 

New York 
NY  10004 

 
Tel:  (212) 785-8300 

Email:  ncbnyc@natcargo.org 
 
 

S.S. EL FARO 
Document No. 101CS01719  

 
Supplemental Report on Review of Cargo Securing Manual  

and Cargo Stowage and Securing 
 

18 November 2016 
 
 Requested by:   National Transportation Safety Board 
  490 L'Enfant Plaza, SW 
 Washington 

 DC   20594 
  
 
This is to certify that the undermentioned personnel of National Cargo Bureau, Inc. did, at the 
request of the above, review comments contained in “Tote, Inc’s Response to the National Cargo 
Bureau, Inc.’s “Report on Review of Cargo Securing Manual and Cargo Stowage and Securing” 
dated August 4, 2016” and have the following to report: 
 
  Geoffrey J. Davies  Chief Surveyor 
  Philip I. Anderson  Chief, Technical Department 
  Edward F. Walker Jr.  Asst. Deputy Chief, Technical 
  
 
 
THIS CERTIFICATE IS NOT A FORM OF INSURANCE, OR GUARANTEE, AND IS ISSUED ON THE FOLLOWING TERMS AND CONDITIONS: 
This Certificate and performance of services by National Cargo Bureau ("NCB") shall in no way be deemed to be a representation, statement, or warranty of 
seaworthiness, quality or fitness for a particular use or service, of any vessel, container, cargo, structure, item of material, or equipment. NCB shall not be liable for, 
and the party to whom this Certificate is issued agrees to indemnify and hold NCB harmless from and against any and all claims, demands, actions for damages, 
including legal fees, to persons and/or property which may be brought against NCB incidental to, arising out of, or in connection with the services to be performed 
hereunder, except for those claims caused solely by the negligence of NCB. NCB shall be discharged from all liability for negligent performance or non-performance 
of any services in connection with issuance of this Certificate, unless the same is discovered prior to and is claimed in writing made to NCB within 180 days and 
litigation is commenced within one year after performance of survey services. THE COMBINED LIABILITY OF NCB, ITS OFFICERS, EMPLOYEES, 
AGENTS OR SUBCONTRACTORS FOR ANY LOSS, CLAIM, OR DAMAGE ARISING FROM NEGLIGENT PERFORMANCE OR NON-
PERFORMANCE OF ANY SERVICES IN CONNECTION WITH THE ISSUANCE OF THIS CERTIFICATE, OR FROM BREACH OF ANY 
IMPLIED OR EXPRESS WARRANTY OF WORKMANLIKE PERFORMANCE, OR ANY OTHER REASON, SHALL NOT EXCEED IN 
THE AGGREGATE THE GREATER OF a) $15,000 OR b) AN AMOUNT EQUAL TO FOUR TIMES THE SUM ACTUALLY PAID FOR THE 
SERVICES ALLEGED TO BE DEFICIENT. THE LIMITATION AMOUNT MAY BE INCREASED UP TO AN AMOUNT TEN TIMES THAT 
SUM PAID FOR SERVICES UPON RECEIPT OF CLIENT'S WRITTEN REQUEST AT OR BEFORE THE TIME OF PERFORMANCE OF 
SERVICES UPON PAYMENT BY THE CLIENT OF AN ADDITIONAL FEE OF $10.00 FOR EVERY $1,000.00 INCREASE IN THE 
LIMITATION AMOUNT. IN NO EVENT SHALL NCB BE LIABLE FOR ANY CONSEQUENTIAL DAMAGES, INCLUDING, BUT 
WITHOUT LIMITATION, DELAY, DETENTION, LOSS OF USE, OR CUSTOMARY PORT CHARGES TO THE PARTY TO WHOM THIS 
CERTIFICATE IS ISSUED OR TO ANY OTHER PERSON, CORPORATION OR BUSINESS ENTITY FOR WHOSE BENEFIT THIS 
CERTIFICATE MAY BE ISSUED. 
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1.0 INTRODUCTION  

 
In Tote, Inc’s Response to the National Cargo Bureau, Inc.’s “Report on Review of Cargo 
Securing Manual and Cargo Stowage and Securing” dated August 4, 2016, it is claimed that, 
“The NCB Report makes a series of erroneous assumptions, which result in faulty and 
unsupported conclusions in its Report”.  It then states that, “The most significant erroneous 
assumptions are: 
 

 the NCB fails to apply (or even mention) the simplified lashing procedures in use on 
board the EL FARO (as reflected in the EL Class Minimum Lashing Requirements 
document), and, as a result, erroneously assumes that certain interior stacks of LO-LO 
containers were not lashed; 

 the NCB erroneously assumes, without factual basis, that 60% of the RO-RO trailer cargo 
on the second deck was stowed with a Roloc box off the button; 

 the NCB incorrectly assumes a vessel speed of 24 knots (when the correct service speed 
is approximately 19.5 knots); 

 the NCB assumes an incorrect lashing angle of 60 degrees for the RO-RO cargo (when 
the Cargo Securing Manual specifies a lashing angle of 45 degrees.); and 

 in performing its calculations under Annex 13 of Cargo Securing Code (“CSS Code”), 
the NCB oversimplifies its calculations and erroneously: (a) assumes 1/2 of the RO-RO 
trailer weight rests on the Roloc box (which conflicts with the Cargo Securing Manual), 
and (b) fails to calculate actual restraining forces due to lashings and higher coefficient of 
friction associated with the RORO trailer wheels.” 

 
This Supplementary Report is intended to address the comments above. 
 
 

2.0 SIMPLIFIED LASHING PROCEDURES 
 
Our review was based upon the copy of EL FARO Cargo Securing Manual provided to us, along 
with a Final Stow Plan provided, on which container lashings were marked (see Appendix 1). 

 
The ‘EL Class Minimum Lashing Requirements’ document does not appear in the copy of EL 
FARO Cargo Securing Manual provided to us and is not referenced in the Cargo Securing 
Manual as an acceptable alternative.  It was, therefore, not considered.  This document was 
provided to us in a separate file accompanying a Cargo Securing Manual applicable to EL 
MORRO and EL YUNQUE, but is not referenced in the contents of that manual or referred to 
within.    
 
Notwithstanding the above, if the simplified lashing procedures as reflected in the EL Class 
Minimum Lashing Requirements document had been followed, then we would agree with Tote’s 
comments that CargoMax indicates that 7 of the 8 exceedances referenced in out report would 
not be present.  We note that CargoMax still indicates lashing margin exceedance on Bay 17, 
Stack 08 and the simplified lashings procedures do not address lashing requirements for 
containers stowed in the particular configuration present in this location.   
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3.0 RO-RO TRAILER CARGO OFF BUTTON 
 

We were advised that as much as 60% of the second deck cargo (RO-RO) was stowed with a 
roloc box off the button and considered that significant.  In the Tote response, it was claimed that 
this percentage “is susceptible to many interpretations, in part because on the day of the EL 
FARO’s last voyage, roughly 30% of the cargo on the second deck was non-trailer cargo, which 
is not designed to be secured on a button in any event”.  We agree that the non-trailer cargo is 
not designed to be secured on a button.  If we remove the 30% of non-trailer cargo from the total, 
we are left with the remaining 30% off button applied to 70% of the cargo or 43% of the RO-RO 
trailer cargo on the second deck stowed with a roloc box off button.  This is still a significant 
quantity. 
 

 
4.0 VESSEL SERVICE SPEED 
 

In the vessel’s Trim and Stability booklet, service speed is listed as 24.5 kts.  We used an 
assumed service speed of 24 kts. as a close approximation when determining maximum weights 
that would be likely to be properly secured off button.  Notwithstanding that, as we cannot 
establish service speed with any certainty and noting that Tote has claimed a service speed of 
approximately 19.5 kts., we have prepared tables of maximum weight values for the range of 
speeds from 19 kts. to 24.5 kts. (see Appendix 2). 
 
       

5.0 LASHING ANGLE 
 

Tote claims that, “the NCB assumes an incorrect lashing angle of 60 degrees for the RO-RO 
cargo (when the Cargo Securing Manual specifies a lashing angle of 45 degrees.)”.  That is not 
correct.  The Cargo Securing Manual specifies a lashing angle of 45o (or a 4 feet lead) for 
standardized securing, i.e. trailers with roloc boxes stowed on button.  When they are stowed off 
button, then a calculation in accordance with Annex 13 of the Code of Safe Practice for Cargo 
Stowage and Securing (CSS Code) should be carried out.  When an Annex 13 calculation is 
carried out, the 45o lashing specification does not apply; actual lashing angles should be used.  
We used an angle of 60o for lashings on cargo stowed off-button based upon drawings contained 
in the Cargo Securing Manual and our review of photographs said to depict similar stowage on 
EL YUNQUE.  Notwithstanding this, we have prepared additional calculations covering the 
angles 45o, 60o and the angles depicted in the drawings accompanying ‘SSL EL Class Heavy 
Weather Lashing Requirements – RoRo’ attached to the Tote response as Exhibit B, namely 58o, 
52o and 46o respectively (see Appendix 2). 

 
 
6.0 SIMPLIFICATION OF CALCULATIONS 

 
Calculations shown in our report were simplified and performed using methodology and 
assumptions that we believe valid given that no specific weight distributions could be 
determined.   
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6.1 Trailer weight distribution 
 

Precise weight distribution could not be determined.  A 38/62 front/rear weight distribution is 
derived from sample figures shown in the Cargo Securing Manual, as referenced in the Tote 
response.  This, however, is in itself flawed as it makes no allowance for increasing weight of 
cargo.  As cargo weight increases, the center of gravity of the container/trailer combination 
would necessarily move forward, towards the center of gravity of the container itself, as the 
weight of the trailer has less of an overall impact.  It also assumes that each container is 
homogenously loaded with no void at the door end (rear) which, in our experience, is generally 
not the case.  Notwithstanding this, we have prepared additional calculations using the 38/62 
weight distribution (see Appendix 2).  
 

6.2 Friction coefficients 
 
In the calculations shown in Appendix 2, we have utilized the friction coefficient values 
specified in Annex 13 of the CSS Code, i.e. 0.3 for steel-rubber (deck-tires) and 0.1 for steel-
steel (deck-roloc box), dry.  As we could not determine whether the deck surface was wet or dry, 
we have also included calculations using coefficient of 0.0 for steel-steel (deck-roloc box), wet. 

 
 

7.0 REMARKS 
 
 This supplementary report is issued without prejudice and is for the benefit of whom it may 

concern. 
 

NATIONAL CARGO BUREAU, INC. 
 
 
 
        

P. I. Anderson 
        Chief, Technical Department 
 
 
 
 
 
 
 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 6 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed 
 

                                              

EL FARO 185S JAX 

Load Bay 001 00 
I..--

.- '>('-

'/--I.X'') (/ 

V v\0 ({/ 

~ '1--/\v\ 

Spinnaker 6.0.0.307 Page 1 

2 X 40'(2 X RFR) 
6X45' 

9/29/2015 17:26 Load Bay 001 00 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 7 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

EL FARO 185S JAX 

Load Bay 002 00 

Soinnaker 6.0.0.307 Paae 1 9/29/2015 18:46 Load Bay 002 Q[ 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 8 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed 
 

                                              

EL FARO 1858 JAX 

Load Bay 003 00 

\V\ 'f 1.\oe~ 

~r'lirwt:tkNAnn!\o7 Page 1 9/2912015 17:26 Load Bay 003 OC 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 9 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                             A

p
p

en
d

ix 1 

EL FARO 185S JAX 

Load Bay 006 00 

ipinnaker 6.0.0.307 Page 1 

11 X 45'(1 X RFR) I 
-~v 

L\ 'f. 4 '::> t,;. 
:\ '} -J._J 

'~ :J­? 

9/29/2015 17:25 Load Bay 006 00 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 10 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

EL FARO 185S JAX 

Load Bay 007 00 

Soinnaker 6.0.0.307 Paae 1 912912015 18:46 Load Bay 007 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 11 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

EL FARO 185S JAX 

Load Bay 008 00 

Splnnaker6.0.0.307 Page 1 

\ L\U~/c,. 
)L{ f v\ 0 'f-. 
\ 'd-yl'}j l9 

9/29/2015 17:25 Load Bay 008 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 12 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

!2 X 45'1 
EL FARO 185S JAX 

Load Bay 010 OD 

Spinnaker6.0.0.307 Page 1 9/29/2015 17:25 

j-\c_ 

)! t..\0 . · ~ 
\ L\'S~ ~~ 
\1- t.tO ll(., /,.... 

~ " t.\s / 
\~ 

Load Bay 010 00 

4SHC: 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 13 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

EL FARO 185S JAX 

Load Bay 012 00 

Spinnaker 6 .0 .0,347 Page 1 

s) rt c..,<--­
\J-"' t-\CJ\'lc.r 

c:; 1- f../<) l'l 
IV~ 

9/2912015 17:25 Load Bay012 oo 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 14 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                              

EL FARO 185S JAX 

Load Bay 013 00 

Spinnaker 6.0.0.307 Page 1 9/29/2015 17:24 

l\G~~ 
J~r"~'# r)V 

Load Bay 013 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 15 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                             

 

EL FARO 185S 

~1 41288 

P141286 

~1 41284 

Spinnoker6.0 .0 .307 

JAX 

Load Bay 014 00 

141088 P140888 0140688 ~1 40488 ~1 40288 ~1 40088 ~1401 88 p140388 ~140588 

y.v 
"~) ~v., f-. (..... 

{)- -s. '-.\ r"(\. u 1' 4':> 

,t;y ?') 

p140788 ~140988 ~1 41 188 

p1 41o86 1140886 1 140686 1 140486 1140286 ~140086 t140186 f14038s ~140586 1140786 ~140986 k>14118s jSTRU8332929 TRU8334562 TRU8334752 TRU4884703 TRU8334351 TRU4884088 ESU4825667 ZZU0400267 KSU4527255 RSU0409741 RSU0407029 
··- P1 S3H 36<lG6 P1 S3H 35724 P1 53H 38806 P1 48H 24324 P1 S3H 2532< P1 48H 04326 P1 45H 2<201 P2 45HC 45226 P1 45H 36421 P1 4SH 15199 P2 45Hd 

e
0 

E ~ e
0 

E E E E E E e
0 

E I 

EF F F F F F - f ----- EF - F F EF 
141084 140884 1140684 1140484 t 140284 t 140084 140184 t 140384 140584 ~140784 -- 140984 141184 TRU8334710 TRU8334789 TRU8331727 TRU4885084 TRU8330280 TRU4884051 TRU6571159 KSU4528713 KSU4524929 KSU4520707 ZZU0403184 

20686 P1 S3H 30607 P1 S3H 0492G P1 53H 29:18S P1 4 8H 278« P2 S3H 265<4 P1 48HC2<026 P1 45H 40444 P1 45HC25006 P1 45H 22386 P1 45HC<1046 P1 45HC 

E E E E E E e
0 

E e
0 

E E 

~F E F _ E ___ F F F F F F f'_ EF 

140882 1140682 1140482 1140282 ~140082 140182 1 140382 1140582 t140782 TRU8331645 TRU8332220 TRU4885166 TRU8332240 TRU4886408 KSU4521154 RSU0405577 RSU0404544 IKSU4529598 
37335 P1 53H 32501 P1 53H 46925 P1 48H 46987 P2 S3HC85246 P1 48EH61185 P1 4SH 49247 P1 . 45 43724 P1 45H 48625 P1 . 4SH 

E _ E _ e
0 

E. e
0 

E E 
0 

e
0 

F F F F F F F_ F F 

Page 1 9/29/2015 17:24 Load Bay 0 14 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 16 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

                                               

EL FARO 185S JAX 

Load Bay 015 OD 

Spinnake< 6.0.0.307 Page 1 9/29/2015 17:24 

y 
0 ~ (.._, 

~}v\~,-\00 
!\'}-~~\) 

Load Bay 015 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 17 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

 
                                             

 

13 X 40'1 
EL FARO 185S JAX 

Load Bay 016 OD 

161290 P161o9o 160890 160690 p:i60490 p160290 p160090 p160190 p160390 }5160590 p:i60790 p:i60990 p1611go 

161288 Pi61088 p160888 p.j60688 p160488 Pi60288 p15oo88 160188 P160388 P'i60588 10160788 160988 Pi61188 

Pl61286 161086 1 160886 1160686 ~160486 ~160286 b160086 ~TRU4886943 TRU4884827 TRU4884663 .TRU488726. 1. T. RU4883219 
25847 P1 48H 27406 P1 4BH 30045 P1 48H 2500<1 P2 48HC 22818 P1 48HC 

E ~ E E E 

bF F F EF _EF EF EF ~F 
Pi61284 

40HC 

0 
EF EF EF EF ~F F EF b 26 D 1 

Sj)O>noker 6.0.0.307 Page 1 9/29/201517:23 Load Bay 016 OD 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 18 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

                                               

EL FARO 185S JAX 

Spinnaker 6.0.0 .307 

Load Bay 017 00 

0171290 p111ooo P170890 170690 p170490 p170290 0170190 IJ170390 p11059o p170790 p11o99o p111190 

0171288 p111o88 170888 170688 p170488 0170288 170188 P170388 0170588 p170788 170988 0171188 

p111286 p111086 0170886 - ~170686 p170486 
TCLU8150685 SCU6710760 
37147 P1 40HC 40307 P1 40HC 

E 0 0 

170286 ~170186 ~170386 ~170586 ~170786 ~170986 171186 
CIU8369818 AIU8092941 CIU8371420 MOU4593610 TRU4094817 AIU8206962 KSU4336053 

24046 P1 40HC 24588 P1 40HC 31187 P1 40HC :m<S P1 40HC 25406 P1 40HC 27344 P1 40HC 27344 P1 40HC 

~ E E 0 0 ~ 
EE EF _ __j EF EE EF EE EE EF EE 

~EGU9071160 TRU9000180 EGU9029257 ESU9307230 EGU9170265 EGU9071257 TRU5822938 EGU9070878 EGU9217660 ESU9566272 EGU9071489 ESU9103175 ~171284 ~17u:l84 ~170884 ~70684 F70484 !170284 !170184 ~170384 !170584 ~170784 ~170984 ~171184 
1'5<011 p1 40RF - p1 •ORF 45&07 P1 40RF 271106 P1 40RF P1 40RF 3884s P1 40RF sueo P1 40RF 504G6 P1 40RF 73os P1 40RF S2se7 P1 40RF 40&47 p1 40RF 53317 p1 4oRF 

E 

EF ~2131L _ -20.$ ~E •O.O ~E -26.! bF ·23.3 bF •lUbE ·23.l bF -2o.O bF +1.1 kE -·7
•
8 bE ••.• kF +1.1 

Page 1 912912015 17:42 Load Bay017 00 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 19 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

                                               

EL FARO 185S JAX 

Load Bay 018 OD 

~181290 ~181090 ~180890 ~180690 ~180490 180290 180190 0180390 0180590 ~180790 0180990 0181190 

p181288 ~181088 ~180888 ~180688 p180488 p180288 ~180188 p180388 180588 ~180788 p1ao988 ~181188 

~181286 P181086 P180886 P180686 ~180486 p18o286 p180186 p180386 p180586 0180786 p180986 pt81186 

P180484 ~180284 ~180184 ~180384 ~180584 ~180784 ~80984 ~181184 CAXU8015187 ~AIU8148552 ESU9103370 TRU4095665 TRU4093512 RSU9252611 IPU4364892 ESU6210230 
3-0807 p1 40HC 47327 p1 •OHC 50748 P1 •ORF .ms P1 40HC 3.5228 P1 40HC. ••7• P1 4lHC 467•7 p1 40HC 2\738 p 1 •OHC 

F ~ ~ E 0 
•\7,8 

F EF I:F I EF ~F ~F ~F ~F ~F ~F ~F 

~3.9 +11 +1,1 •1 .1 •1.1 +1,1 

D-::tno 1 A/?A/?01!\ 17·4? I n~t1 R~v 01 A nn 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 20 of 26

A
p

p
en

d
ix 1 

 
 

          F
in

al S
tow

 P
lan

 w
ith

 rep
orted

 con
tain

er lash
in

gs m
ark

ed
 

                                               

EL FARO 185S 

~191 290 

~191 288 

p191286 

~1 91 284 

Spinnaker 6 .0 .0.307 

JAX 

Load Bay 019 00 

~1 91090 p190890 190690 0190490 ~190290 p190090 

P191088 p190888 ~190688 190488 0190288 ~1 90088 

0191086 ~1 90886 ~190686 ~190486 ~190286 kl190086 ~. TRU8333695 TRU8333606 TRU8333519 TRU8330037 TRU8332317 
23627 P1 S3HC 19248 P1 S3HC 34346 P1 S3H 4412$ P1 S3H 27445 P1 S3HC 

E E E E 
0 

E 

I 
EF F F F F 

~191084 f 190884 f 190684 f 190484 ~190284 r1 90084 

.
S. TRU8333376 TRU8332488 TRU8333165 TRU8332765 TRU8333817 
51246 P1 S3H 47208 P1 S3H 38087 P1 S3H 20386 P1 S3HC 45825 P1 S3HO 

~ E E E E 0 ~ 0 . ~ 
EF F F F F 

Page 1 

~1901 90 p190390 ~190590 ~190790 p190990 ~1 91190 

p1 90188 p190388 p1 90588 P190788 P190988 191188 

~1 90186 

1
190386 t190586 

1
190786 

1
190986 f191 186 I 

STRU6577584 TRU6570574 ESU4813455 KSU4520219 KSU4521787 RSU0406038 
25324 P1 4SH 30045 P1 4SH 21078 P1 45H 54346 P1 45H 17154 P1 4SH 29833 P1 4SHq 

E 0 E E 0 E E E 
0 

F F F F F F 
p190184 ~190384 ~190584 ~190784 ~190984 ~1911 84 -­
ISTRU9500740 TRU9501556 TRU9502104 TRU9500354 TRU9502090 TRU6570960 
4916S P1 45RF 380<17 P1 45RF 45404 P1 4SRF 32785 P1 4SRF 46886 P1 45RF 28784 P1 45HC 

E E E E E E 

~ ~b ~b ~b ~b ~~ 

9/29/2015 17:23 Load Bay 019 00 



E
L

 F
A

R
O

                                  D
ocum

ent N
o. 101C

S
01719 

P
age 21 of 26

A
p

p
en

d
ix 2                  

 
M

axim
u

m
 w

eigh
t calcu

lation
s for a ran

ge 
 

 
 

of sp
eed

s an
d

 variou
s lash

in
g an

gles 
                                              

Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM F1 F2 f Ay B/GM carr Fy/m COF 

Sec 
COFxg 

Max Mass Max Mass 

KTS m kN mt lbs 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.224 70.11 2.197 34.771 76,657 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.224 70.11 2.197 33.580 74,031 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.224 70.11 2.197 32.468 71,580 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.224 70.11 2.197 31.427 69,285 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.224 70.11 2.197 30.451 67,133 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.224 70.11 2.197 29.534 65,111 

22.0 1.31 21.37 0.507 0.241 0.749 6.2 1.00 4.643 0.224 70.11 2.197 28.670 63,207 

22.5 1.31 21.37 0.519 0.241 0.760 6.2 1.00 4.714 0.224 70.11 2.197 27.856 61,411 

23.0 1.31 21.37 0.531 0 .241 0.772 6.2 1.00 4.786 0 .224 70.11 2.197 27.086 59,715 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.224 70.11 2.197 26.358 58,110 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.224 70.11 2.197 25.668 56,588 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0.224 70.11 2.197 25.013 55,145 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 

on rear (wheels end) of RORO trailer. Lashing angles based on Tote assumption of 45 degrees. Coefficient of friction based on 

utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.1 for ROLOC box as specified in CSS Code for steel/steel (dry) 

appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/62. A rigid body is assumed and the 

coefficient of friction is considered uniform across the length of the cargo. 
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Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM f B/GM carr Fy/m 

Sec Max Mass Max Mass 
F1 F2 Ay COF 

kN 
COFxg 

lbs KTS m mt 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.186 67.9 1.825 28.420 62,656 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.186 67.9 1.825 27.595 60,836 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.186 67.9 1.825 26.815 59,118 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.186 67.9 1.825 26.079 57,494 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.186 67.9 1.825 25.382 55,957 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.186 67.9 1.825 24.721 54,500 

22.0 1.31 21.37 0.507 0.241 0 .749 6.2 1.00 4.643 0.186 67.9 1.825 24.094 53,117 

22.5 1.31 21.37 0.519 0. 241 0.760 6.2 1.00 4.714 0.186 67.9 1.825 23.497 51,803 

23.0 1.31 21.37 0.531 0.241 0.772 6.2 1.00 4.786 0.186 67.9 1.825 22.930 50,552 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.186 67.9 1.825 22.389 49,360 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.186 67.9 1.825 21.874 48,223 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0.186 67.9 1.825 21.381 47,137 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 

on rear (wheels end) of RORO trailer. Lashing angles based on Tote assumption of 45 degrees. Coefficient of friction based on 
utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.0 for ROLOC box as specified in CSS Code for steel/steel (wet) 
appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/62. A rigid body is assumed and the 

coefficient of friction is considered uniform across the length of the cargo. 
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Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM f B/ GM carr Fy/m 

Sec Max Mass Max Mass 
F1 F2 Ay COF 

kN 
COFxg 

lbs KTS m mt 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.224 56.22 2.197 27.882 61,470 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.224 56.22 2.197 26.927 59,364 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.224 56.22 2.197 26.035 57,398 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.224 56.22 2.197 25.201 55,559 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.224 56.22 2.197 24.418 53,833 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.224 56.22 2.197 23.683 52,212 

22.0 1.31 21.37 0.507 0.241 0.749 6.2 1.00 4.643 0.224 56.22 2.197 22.990 50,685 

22.5 1.31 21.37 0.519 0.241 0.760 6.2 1.00 4.714 0.224 56.22 2.197 22.337 49,245 

23.0 1.31 21.37 0.531 0.241 0.772 6.2 1.00 4.786 0.224 56.22 2.197 21.720 47,884 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.224 56.22 2.197 21.136 46,597 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.224 56.22 2.197 20.583 45,377 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0.224 56.22 2.197 20.058 44,220 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 
on rear (wheels end) of RORO traile r. Lashing angles based on NCB assumption of 60 degrees. Coefficient of friction based on 
utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.1 for ROLOC box as specified in CSS Code for steel/steel (dry) 

appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/62. A rigid body is assumed and the 
coefficient of friction is considered uniform across the length of the cargo. 
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Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM f B/GM carr Fy/m 

Sec Max Mass Max Mass 
F1 F2 Ay COF 

kN 
COFxg 

lbs KTS m mt 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.186 53.55 1.825 22.414 49,415 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.186 53.55 1.825 21.763 47,979 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.186 53.55 1.825 21.148 46,624 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.186 53.55 1.825 20.567 45,343 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.186 53.55 1.825 20.018 44,131 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.186 53.55 1.825 19.496 42,982 

22.0 1.31 21.37 0.507 0.241 0.749 6.2 1.00 4.643 0.186 53.55 1.825 19.002 41,892 

22.5 1.31 21.37 0.519 0.241 0.760 6.2 1.00 4.714 0.186 53.55 1.825 18.532 40,855 

23.0 1.31 21.37 0.531 0.241 0.772 6.2 1.00 4.786 0.186 53.55 1.825 18.084 39,868 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.186 53.55 1.825 17.658 38,928 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.186 53.55 1.825 17.251 38,032 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0.186 53.55 1.825 16.862 37,175 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 

on rear (wheels end) of RORO trailer. Lashing angles based on NCB assumption of 60 degrees. Coefficient of friction based on 
utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.0 for ROLOC box as specified in CSS Code for steel/steel (wet) 
appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/62. A rigid body is assumed and the 

coefficient of friction is considered uniform across the length of the cargo. 
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Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM F1 F2 f B/GM carr Fy/m COF 

Sec 
COFxg 

Max Mass Max Mass 

KTS 
Ay 

kN lbs m mt 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.224 63.94 2.197 31.711 69,910 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.224 63.94 2.197 30.625 67,516 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.224 63.94 2.197 29.611 65,280 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.224 63.94 2.197 28.662 63,188 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.224 63.94 2.197 27.771 61,225 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.224 63.94 2.197 26.935 59,381 

22.0 1.31 21.37 0.507 0.241 0.749 6.2 1.00 4.643 0.224 63.94 2.197 26.147 57,645 

22.5 1.31 21.37 0.519 0.241 0.760 6.2 1.00 4.714 0.224 63.94 2.197 25.404 56,007 

23.0 1.31 21.37 0.531 0.241 0.772 6.2 1.00 4.786 0.224 63.94 2.197 24.703 54,460 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.224 63.94 2.197 24.038 52,996 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.224 63.94 2.197 23.409 51,608 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0.224 63.94 2.197 22.812 50,292 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 
on rear (wheels end) of RORO trailer. Lashing angles based on angles shown in EL Heavy Weather Lashing Requirements. 
Coefficient of friction based on utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.1 for ROLOC box as specified in 

CSS Code for steel/steel (dry) appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/62. A rigid 
body is assumed and the coefficient of friction is considered uniform across the length of the cargo. 
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Maximum Weight of RORO Trailers for Off Button Securing in Hold 2A 

Speed GM 
B/GM F1 F2 f B/GM carr Fy/m COF 

Sec 
COFxg 

Max Mass Max Mass 
KTS 

Ay 
kN lbs m mt 

19.0 1.31 21.37 0.438 0.241 0.680 6.2 1.00 4.214 0.186 61.52 1.825 25.750 56,769 

19.5 1.31 21.37 0.450 0.241 0.691 6.2 1.00 4.285 0.186 61.52 1.825 25.002 55,119 

20.0 1.31 21.37 0.461 0.241 0.703 6.2 1.00 4.357 0.186 61.52 1.825 24.296 53,563 

20.5 1.31 21.37 0.473 0.241 0.714 6.2 1.00 4.428 0.186 61.52 1.825 23.628 52,092 

21.0 1.31 21.37 0.484 0.241 0.726 6.2 1.00 4.500 0.186 61.52 1.825 22.997 50,699 

21.5 1.31 21.37 0.496 0.241 0.737 6.2 1.00 4.571 0.186 61.52 1.825 22.398 49,379 

22.0 1.31 21.37 0.507 0.241 0.749 6.2 1.00 4.643 0.186 61.52 1.825 21.830 48,126 

22.5 1.31 21.37 0.519 0.241 0.760 6.2 1.00 4.714 0.186 61.52 1.825 21.290 46,936 

23.0 1.31 21.37 0.531 0.241 0.772 6.2 1.00 4.786 0.186 61.52 1.825 20.775 45,802 

23.5 1.31 21.37 0.542 0.241 0.783 6.2 1.00 4.857 0.186 61.52 1.825 20.286 44,722 

24.0 1.31 21.37 0.554 0.241 0.795 6.2 1.00 4.929 0.186 61.52 1.825 19.818 43,692 

24.5 1.31 21.37 0.565 0.241 0.807 6.2 1.00 5.000 0 .186 61.52 1.825 19.372 42,708 

Assumptions: Total of six lashing tensioners and chains (3 each side). Four Chains located forward on ROLOC box and two located 

on rear (wheels end) of RORO trailer. Lashing angles based on angles shown in EL Heavy Weather Lashing requirements. 
Coefficient of friction based on utilizing 0.3 for rear as specified in CSS Code for rubber/steel and 0.0 for ROLOC box as specified in 
CSS Code for steel/steel (wet) appropriately adjusted based on an assumed weight distribution for RORO trailer of 38/ 62. A rigid 

body is assumed and the coefficient of friction is considered uniform across the length of the cargo. 




